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(54) Title: DEVICE FOR ENHANCING TRANSDERMAL SAMPLING 
(57) Abstract 

A device (10, 88, 98, 104) 
for piercing the stratum corheum 
of a body surface to form path- 
ways through which an agent can ■ » j > 
be withdrawn. The device com- 
prises: a sheet (6) having a plural- 
ity of microblades (4) extending 
downward therefrom for piercing 
the stratum corneum, and a col- 
lector (26, 90, 106) on the sheet 
(6) which withdraws the agent 
through the pathways. 
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.. :! . . .' DEVICE FQR E SAMPLING , ' 

; 3.-,:, V TECHNICAL FIELD . 

6 The present invention relates to transdermal agent sampling. More 



8 particularly, this invention relates to the transdermal sampling agents, such 

r as glucose, electrolyte and substances of abuse, such as but not limited to 

a alcohol and illicit drugs. The present invention uses skin-piercing microblades 

a to enhance the transdermal flux of the agents during transdermal sampling. 

. ;, : : :vi i • v ' BACKGROUND ART r r 

14 continues to grow. The transdermal sampling of agents still feces significant 

is problems. In many instances, the flux of agents through the skin is insufficient 

is to calculate quickly and accurately the concentration of the substance in the 
r blood or body. 



is One method of increasing the transdermal sampling 


19 


the application of an electric current across the body surface or on 


20 


"elecrtre^ 


' 21 


agent through a body surface suc^ 


22 


like, The transport of the agent is induced or enhanced by the application of an 


•vy' -' : .V: : 23 


electrical results in the ^ 


v" : ' 24 


samples b^ The electro 




through a body surface may be attained in various manners. One widely used 




eleictrotransport ^ p involves the electrically induced 


* - 27 


transport of charged ions . Electroosmosis, another type of electrbtransport 
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process^ solvent with ^ 


■ : 29 


membrane under the influence of an electric field. Electrbpbration , still another 




type of electrbtransport; in 
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r more than one of these processes may be occurring simultaneously to different 

2 extents Further increases in transdermal sam^ rates are highly desirab^ 

3 One method of increasing the agent transdermal sampling rate involves 

4 pre-treating the skin with a skin perr^ 

5 enhaneer 1 - is broadly used herein to describe a substance which, when applied 

6 to ^ body surface through which the agent is sampled; enhances its 

7 trahsdermarflux The mechanism may involve an increase in the permeability 
s of the b^y 

9 the e lectrical resistance of the body surface to the passage of the agent 

10 therethrough, and/or body 

11 .; surface during electrotransport. - 

12 There have been many attempts to enhance transdermal flux by 

13 mechan ically puncturih transdermal dmg delivery^ 

14 example U. S. Patent Nds; 5,2^ issued 
is to Lee et ah , and 3 t 964 v 48i2 issued to Gerstel et ai. These devices utilize 
16 tubular or cylindrical structures generally, although Gerstel does disclose the 
it use of other shapes, to pierce the outer layer of the skin for agent delivery, but 
is h 

19 mechanical attachment of thei stmcture to the skin v and undesirable irritation 

20 ' of the skin. . 

21 As has been discussed; a variety of chemicals and mechanical means 

22 have been explored to enhance to However, thefe is Still a neid 

23 to provide a device sii itable for increasing transdermal flux which device is low? 

24 cost and which pari be manufactured reproducibly (Le without significant 

25 variation from device to device) in high volume production. 
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I DESCRIPTION QF THE INVENTION 

3 : the present in ventipn provides a reproducible, high volume production , 

4 Ipw-cpst device suitable for increasing transdermal f^^ 

5 monitoring, % 

6 skin. The microblad^ than about 0.5 mm and a 

7 width even smaller. In spite of their small size, the 

8 microblades can be made with an extremely reproducible size and so 

9 that the microslits formed by t^ also have a 
to very reproducible s Because the microblades have a small 

II thickness (i.e ^ small relative to the width and leh the blades), the 

12 microblades produce less 

13 piercing microneedle having a circular cro^ 

14 invention pierce 

is through which an agent (e,g- t a body electrolyte) can be withdrawn (i.e., 

■ : 16 sampled or monitored) . ■ - ■ 

17 In one aspect of the in verition the device comprises a sheet having a 

is plurality of microblades 

19 and a collector on the sheet which collects an agent which is withdrawn through 

20 the pathways in the skin formed by the microblades. llie device of the present 

21 ■ inventiq^ wjth body analyte or drug sampling; or 

i^^b^ 

23 include; but are not limited to, "reverse" eleclxotranspbrt devices as disclosied in 

2^ Glikfeld at al., US. latent N6. 5 1 279;543 and Guy et aL , U.S. Patent No. 

25 5,362,307, passive diffusion devices as disclosed in Schoehdorfer for U.S. 

26 Patent No. 5,438,984, osmotic devices as disclosed in Eckenhoff et al. f U.S. 

27 Patent No. 4,756,314 and negative pressure driven devices. 
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1 brief qp' p'^^yyi.^^^ 

3 Figure 1 is a diag famrriatic cross-iseirtiqnal view of a sampling system in 

4 accordance with one embodiment of th^ 

s Figure 2 is an enlaced pe of the 

e micro blade array device which 

7 Figure 3 is a d iagrammatic representation of a method for producing a 

8 micro blade array used in the present in 

9 Figure 4 is a diagrammatic cross-sectional view of a 
i o sampling system in accordance with one embodiments 

rr Figure 5 is a diagrammatic cross-sectional view of another embodiment 

12 of a passive agent sampling syi^ 

13 Figure 6 is a perspective exploded view of a 

14 "reverse" ejectrbtransport agent sampling system with a blade array device 
is according to one embodiment of the present invention; 

16 Figure 7 is a bottom plan view of the •'reverse" electrotransport agent 

ir sampling system of figure 6; 

1fl Figure 8 is a right side eleVaitional view of the "reverse" electrotranspprt 

19 agent sampling system of figure 6; 

20 Figure 9 is a rear eleyatipnal view of the '■ reverse" electrotranspprt agent 

21 sampling system of figure 6; and 

2 aP Figure 10 is a crbss-sebtibhal view taken along line 10-10 ::vpf -- : 1he^ 

23 assembled "rev^ 

24 • • . • - : ' r-'r-'r ' . : : r : ■■ •" .: •:' •///:••.•'':•'•:••' • • '•' • 

25 MODESFO^ 

26 • ■ ' • ,; ;•" ' '* : ; ' ■ ' : : : - ' ' ■ ;: ; •. " . •; - ■ ' 
27 Turning now to the dravyings in detail, one embodiment of a sampling 

is device of the present inyenttoh is generally shown in Figure 1 . Figure 1 

29 illustrates an osmotic collector or sampling device 104 in combination with a 

3p skin-piercing microblade array member 2; The psmptjc cqte is 

3i atteched to ^ bcdy 



WO 97/48441 



# 

5 .... 



PCT/US97/10595 



overlay 1 00; Collector 104 is comprised of an absorb is 

impregnated^ 

1 06 located between a semi-permeable or osmotic membra^ an 
optional agent sensing element 108. The semi-permeable member 94 is 
permeable to water and the 
osmotically active materials 

penrneable membranes are known in the art as osmotic membranes. Suitable 
membranes are enumerated in O S. Patent Nbs; 3;845,77Q; 3;91 6;899, 
4,077,407 arid 4^ 

The pad 1 06 has preferably dispersed therethrough sufficient 
undissolved osmotic agent such^^ 

12 within the collection 

13 permeable 

14 tte irite^ period. The pad 106 may also ^ 

is therethrough a collecting material such as colloidal silica, ion exchange resins, 
i6 activated charcoal or other materials that selectively adhere to the agent being 
it collected to prevent back drffusion of the agent through^ 

is ^The optional agent sensing element can be any of a variety of 

19 chemically reactive sensors and indicators, for example the color indicating test 

20 strips associated with glucose testing . The adhesive overlay 1 00 can have a 

21 cutout or 

22 can be readily viewed. In an aU^ 

23 can be located between the member 2 and the pad 1 06. Alternatively, pad 106 

24 and osmotic membrane 94 are combined in one layer of absorbent hydrogel 

25 that storeis the absorbed fluid as well as the agent. Preferably, th 

26 free to expand or is encapsulated in the semi-permeable or osmotic membrane 

27 94 so that it retains the fluid therein, 

28 Member 2 is used in conjunction with the percutaneous sampling of an 

29 agent: The term -'sampling V is used broadly herein to include withdraw or 

30 mpn^ 

31 "agent'' a 
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1 as glucose; bi^y elekArolytesy aicohbj, illicit d 

2 pharmaceuticals, blood gases;^ The 

3 major barrier properties o^ agent passage; reside 

4 with the outer most layer (I.e., stratum corneum). The inner division of the 

5 epidermis generally comprises three layers com identified as stratum 
e gra^ stratum^g^ 
7 little or rib resistance to movement of an agent through th^^ 

a stratiim malpighiir arid stratum germinativum. The device of the present 

9 invention is used to form microslits in the stratum comeum for in situ sam 

10 of an agent 

1 1 Member ^ of micrpblades 4^ 

12 extending downwiard fro 

13 portion of member 2 is in an inverted position to show the microblades) The 
u microblades 4 are sjz^ and s stratu m co rneum of the 
is epidermis whe^^ do not penetrate the sikin 
is ^^^^^^^ ^ ^^^^ the patient's nerve endings. With this configuration/ the 
17 microblades dp not cause a painf^ sensation or bleeding. The microbladiBS 4 

form microslit^ surtace to increase th^ of a substance 

19 th roug h the body su rf ace ;. The term "body surface" as used herein refers 

20 generally to the skin, of an animal or human. Placement of the member 2 in 

21 conjunction with a sampling system asspci^ 

22 a pa^ 

23 blood or sample with a needle and syringie or lance and te^ 

24 preferred embodiment, the d evice is designed to monitor glucoise levels in 

25 diabetic patients. In the case of agent (e g. v body analyte) sampling; the 

26 analyte migrates from the bb^ stratum comeum 

27 which are cut by the microblades 4; The sampled agent may be collected 
?8 directly from the skin; ^ the agent may be contained in the interstitial 
29 and/or sweat of the patient and the latter fluid can be collected for purposes of 

^V: : -3o.;; ; ;- sampling the agent ' • ^M£-'B/- 

or In one embodiment, the opening 8 corresponds to the portion of the 
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r sheet 6 occupied by eachf of the microblades prior to the blades being 

2 transposrtibned into the downward depending position. In the illustrated 

3 embodiment (Figures 2 and 3), the sheet 6 is fprrned with ah opening 8 

4 between the micro 4. The opening 8 corresponds to the portion of the 
s sheet 6 occupied by each of the microblades 4 prior to the microblades being 
e bent into ? position wW 

? the number of openings 8 per device ^ per 

a device are independent. Th large opening 8 with a 

9 plurality of microblades 4 around the opening; As WiH be descr^^ 

10 opening 8 niay be cov^ an agent-attracting member for fenha 

11 movement of an agent being sampled pa^ 

12 collecting reservoir, 
ii The microbiades 4 are generally formed from a single piece of material 
14 (although they need n 

is least the stratum corneum of the body surface. In one embodiment, the 

16 microblades 4 and the sheet 6 are essentially impermeable or are impermeable 

17 to the passage of an agent. The width of each microblade can be any of a 
is range of widths. Usually- the width of the^^m 25 

19 mm to 500 mm. The length of the microblades is subject to variation of the body 

20 ; surf ace being penetrated and corresponds to the natural th ickness of the 

21 stratum corneum; Usually, the microbial be about 20 mm to about 400 

22 ^.mm in length. The microblades 4 can have slanted (fee: ; • angled) leading edges 

23 64 (FIG. 2) to further reduce the insertion force required to pre 

24 m 

25 can be all the same a or can be at different angles suitable for piercing the 

26 body 

27 most segment having a smaller angle with respect to an axis along the length of 

28 ^the m^ 

29 of each microbial 
3p a convex or cpn^ 

31 ; The mertniber 2 can also improve the ^ach 
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r body surface so that continuous agent detection 

2 preserved during movement of th^^ 

i F 

4 assist in anchorinjg the me : 

5 ; used in combination ther#w any 

6 number of the micrpblades from one to all micrptDlades . The barbs 50 are 

; .:V:7; : optional as other means fo 

a surface can be used. The present invention can be used in conjunction with a 

s wide variety of microblades configurations/ for example, referen^ 

ib to U.S: Provisional 

i i of the disclosed configurations c^n be used with the present inve^^^ 

12 The pattern for any of the m^ 

13 invention can b 

14 reference may be had to 
is 18, 1996 of 

16 member 2 of the present invention. A thin sheet 6 of metal such as ste 

17 steel or titanium is etched photo-lithographical^ 
is piercing sto 

19 on the sheet 6 which typically has a thickness of about 7 ^ 100 mm v 

20 : : . p ref e rab ly a bout 2 5 /Tniini ,,: to. '-iabout-' 50 ; rnrh , : : .The ; res ist V is : contact exposed using \ = a : : . : 
• ?1 mask haying the d^ is subsequently developed. These 

22 operations are conducted m much the sa^ they are for 

23 manufacture of a printed & acidic 

24 solutibns : After the pattern has b^ri etch 

25 |^ a plurality of openings 56 corresponding to 

26 the openings 8 in the sheet; A punch 54 having a plurality of pfdtrusibris 5i3 

27 correspond ing to the openings 8 in the sheet 6 and openings 56 in the die 52 is 

28 initially loqated above the sheet 6 and the die 52; At the initial stege, the 
2^ m^ sheet 6 . Thfr 

30 protrusions 58 are then pressed into the Openings ;8, 1^ 

31 microblades d 
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r sheet 6. The finished structure provides microblades 4 with an adjacent 

2 opening 8. In one embodiment, the opening 8 allows the passage of interstitial 

3 ; fluid therethrough when the member 2 is applied to the body surface. 

4 Rectangular openings 8 are shown in the figures but the inventiph 

5 encompasses the use of any shape openings including, but not limited to, 
e square, triangular, circular and elliptical. 

7 Generally, the microblades 4 are at an angle of about 90° to the surface 

e 48 (FIG; 2) of the sheet 6 after being punched, but they can be disposed at any 

9 angle forward or backward from the perpendicular position : 

10 penetration of and attechment to the body surface. In addition, other anchoring 

11 elemehts such as barbs, openings, etc. can be used with the angled 

12 microblades to further enhance anchoring of the device. 

i 3 v - : The member 2 can optionally be made to adhere to the patient's body 

14 surface by various means, including an adhesive applied to the body-contacting 

is side of sheet 6 or other anchoring elements on the member 2 of any of the 

16 embodiments discussed herein. Further, a watch band or elastic bandage can 

17 be used to maintain the device in contact with the skin. The adhesive should 
is have sufficient tack to insure that the member 2 remains in place on the body 

19 surface during normal user activity, and yet permits reasonable removal after 

20 the predetermined (e.g., 24-hour) wear period. A suitable release liner (not 
. 21 shown) is preferably provided for maintaining the integrity: of the adhesive 

22 : before use. - In use, the release liner is stripped f^ the 

■ 23 device is applied to the skin; 

24 As is best shown in Figure £ the microblades 4 have a thickness which 

25 is much srnaller than the width of the blades hear their base, i.e., near the point 

26 where the biades i. : are attached to the sheet 6. This blade geometry provides 

27 maximum drug percolation area with a minimum blade penetration area, and 

28 hence less tissue damage. The agent percolation area is the area of the micro 

29 slit opening(s) formed in the stratum comeum by the blade(s), less the cross- 

30 sectional area of the blade(s). The microblades are shaped with the largest 

31 possible surface area with a minimal cross-sectional area so as bo give the 



1 largest possible pereoiation area, thin m a^ belted 

2 protrusions for this p for the same cross-sectipn; a thin blade 

3 produces more percolatip 

4 protrusion. This is a crucial advantage over the prior art round events such 
s as needles and tubes. Thin microblades also require less insertion force than 
e round protrusions. Th^ 

7 The widths can be different from blade to blade in the array pattern; Likewise, 

e the width can be variable along the 

s more detail below. T^ 

10 the body surface after the^ b 

ri range of about 25 mm to atoout 50 mm to about 

12 400 ntfTi, mp^ 

13 The sheet 6 and rriicrbblad^ made from materials^t^ 
u sufficient strength and m^ 

is ceramics, rigid polymens aind 

is metal alloys include but^ limited to stainless steel; iron, steel; tin; zinc; 

17 copper, platinum; aluminum, gemianium, nickel, zirroniuriv titanium arid 

is titanium alloys consisting of nickel, molybdenum and chromium, metals plated 

is with nickel, gold, rhodium, iridium, titanium, platinum, and the like. An example 

20 of glasses include a devitrified glass such as 'PH 

21 Corning in Corning, NY. Examples of polymers include but are not limited to 

22 rigid polymers stich gs polystyrene, pofy^ 

> 23 ', ; "BAKELIT^ ' c^lluldse ; acetate, ; <^hyl ;;. ^Ilulpse, 

24 styrene/acrylonrtrile copofymers^ styrene/butad iene copolym 

25y a 

:; '':' -26':y - acid polymers including polyacrylates and polymethacrylates. 

27 The number of microblades 4 arid openings 8 of any of the 

28 embodiments of the member 2 is variable wit^ 
^19 agert^ 

•..'; : : : ; v 3o passive di^ 

^ 31 one of ordinary skill in t^ • •: 
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1 unit area (i.e., the blade density), the more distributed is the flux of the agent 

2 through the skin because there are a greater number of agent-conveying 

3 pathways through the skin. Consequently, the smaller the number of blades 

4 Per unitarea, the more concentrated is the flux of the agent through the skin 

5 because there are fewer pathways. The present invention has a blade density 

6 of at 'east about 10 blades/cm 2 and less than about 1000 blades/cm 2 , 

7 preferably at least about 600 blades/cm 2 , more preferably at least about 800 
a blades/cm 2 . In similar fashion* the number of openings per unit area through 
9 which the agent passes is at least about 10 openings/cm 2 and less than about 
ip 1000 openings/cm 2 : In one embodiment, the present invention produces a 

11 percolation area of about 0.005 to .05 cm 2 /cm 2 of body surface, preferably 

12 about 0.01 cm 2 )fcm 2 of body surface. '■' • . - ■ 

13 In other embodiments of the present invention, passive transdermal 

14 sampling devices are used with member 2. Two examples of passive 
is transdermal sampling devices are illustrated in Figures 4 and 5. In Figure 4, 
is passive transdermal sampling device 88 comprises a reservoir 90 sandwiched 
i7 between a backing layer 92, which is preferably impenneable to the agent, and 
is : - a wicking membrane 94. In Figure 4, the reservoir 90 is formed of a material. 
19 such as a rubbery polymer, that is sufficiently viscous to maintain its shape. If a 
2p lower viscosity material is used for reservoir 90, such as ah aqueous gel, 

21 backing layer 92 and wicking membrane 94 would be sealed together about 

22 their periphery to prevent leakage. Located below mem microblade 
2? array member 2; The device 88 adheres to a body surface by means of 

24 contact adhesive layer 96 around the periphery of the member 2 A strippable 

25 release liner (not shown) is normally provided along the exposed surface of 

26 adhesive layer 96 and is removed prior to application of device 68 to the body 

27 //surface. 

28 Alternatively, as shown in Figure 5, transdermal sampling device 98 may 

29 be attached to a body surface by means of a flexible adhesive overlay 100. 

30 Device 98 is cpmpri^ed of an imperrfieaple backing layer 102 adjacent one 
si surface of reservoir 90. Adhesive overlay 100 maintains the device 98 on the 
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1 body surface. Adhesive overlay 100 can be fabricated together with, or 

2 provided separately from, the remaining elements of the device 98: With 

3 certain formulations, the adhesive overlay 100 may be preferable to the contact 

4 adhesive 96 shown in Figure 4- This is true, for example, Where the agent 

5 reservoir contains a material (such asr for fexampler ah oily surfactant 

6 permeation enhancer) which adversely affects the adhesive properties of the 

7 contact adhesive layer 96. Impermeable backing layer 1 02 is preferably slightly 

8 larger than reservoir 90, and in this manner prevents the agent collected in 

9 reservoir 90 from adversely interacting with the adhesive in overlay 100. A 

10 wicking membrane (not shown in Figure 5) similar to membrane 94 in device 88 

11 (Figure 4) is to on the skin/mucosa side of reservoir 90; A strippable 

12 release - liner (hot shown) is also normally provided with device 98 and is 

13 removed just prior to application of device 98 to the body surface. il'-- 

14 One embodiment of the preset of ah 
is electric current across the body surface or "elertrotransport'V Electrotranspprt 
ie refers generally to the passage of an agent through a body surface such as 

17 skin, mucous membranes, nails, and the like, the transport of the agent is 

18 induced or enhanced by the application of ah electrical potential, Which results 
in the application of electric current, which for "reverse'' electrotrarisjx>rt, 

?P i samples or enhances sampling of the agent. The electrotransport of the agents 

21 out of the skin may be? attained in various manners. One widely used 

? 22 electrotransport process, iontophoresis, involves ; the elec^ induced 

: ; 23 transport of charged ions; Electroosmosis, another type of electrotransport 

24 process invibved in the transdermal transport of uncharged or neutrally charged 

25 molecules (e.g., transdermal sampling of glucose), involves the mbvenieht of a 

26 solvent with the agent through a membrane under the influence of ah electric 

27 field. Eiectrpporation, still another type of electrotransport, involves the 
2f passage of an agent through pores formed by applying an electrical pulse, a 
29 high voltage pulse, to the skin. In many instances; more than one of these 
io processes may be occurring simultaneously to different extents. Accordingly, 

; ; /y>u ; the term "electrotransport" is given herein its broadest possible interpretation, to 
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r include the electrically induced or enhanced transport of at lea$t one charged or 

2 uncharged agerit, or m ixtu res thereof, regardless of the specific mechanism(s) 

3 by which the agent is actually being transported. 

4 It will be appreciated by those working in the field that the present 

5 invention can be used in 

6 systems, as the inveiitid any way in this regard. For examples 
^ ^ US; 
e Patent Nos 5,279,543 to Glikfeld et al. and 5,362,307 to Guy et al. f the 

9 disclosures of which are incorporated by reference herein in their entirety, 

10 Electrotransport d use at least efie^bdets; which are 
i i in electrical contact with some portion of the skin, nails, mucous merribranes, or 

12 o^ 

13 electrodes is referred to as the M receptor ,, electrode/and is the one into^ which 

14 the agent (e g , body an collected after being withdra^ 

15 The second electrb^ termed the ,, c6unte^ electrode, and 

16 serves to close tfW electrical circuit through the body; iFor example, when the 

17 agent to be sampled is a cation , the cathode becomes the receptor electrode 
is whi le the anode serves to complete the circuit When the agent: to be sampled 

19 is an anion, the anode becomes the receptor electrode while the cathode 

20 serves to complete the circuit; VVhen the agerit to be sampled has ho net 

21 charge 

•22 : -:;- ; can serve as^^^ ■ 

23 Figures 6r1 0 illustrate a representative rever^^^ 

24 device 1 0 that may be used irt conjunction with the present invention . Device 
is 10 comprises an upper housing 16, a circuit board assembly 18 v a lower 

26 housing 20, first electrode 22, second electrode 24 , electrically conductive gel 

27 reservoir 26, electrically conductive gel reservoir 28 and skin-compatible 

28 adhesive 30; Upper h^ 15 which ^ 

29 device 1 6 on a patient's skin . Printed circuit board assembly 1 8 cpmprisies an 

30 int^rated circuit 1 9 cpupled to discrete components 40 and battel^ Circuit 
if boaid hpiisihg 16 by p^ 
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1 passing through openings 1 3a and 13b; the ends of the posts being 

2 heated/melted in order to heat stake the bircu it board ^^r^bly t 

3 housing 16. Lower housing 20 is attached to the u 

4 of adhesive layer 30, the upper s adhered 
s to both lower housing 20 and upper housirig 16 including the bottom su^ 

e of wings 1 5. Shown (partially) on the underside of circuit boiard assembly 1 Q is 

r a button ce^ 

s power device 1 0 depending oh the need: 

9 The device 10 is generally comprised of b^ 

11 which are integrated into ^ The outputs (not shown in 

12 Figure 1) of the circuit board assembly 18 make electrical contact with the 

13 electrodes 24 and 22 through opeihi 

14 in lower housing 20, by means conductive adhesive strips 42 f 42^ 
is Electrodes 22 and 24* in turn, are in direct mechanical and ejectrical contact 

16 wjth the top sides 44!,44 of cond urtive gel reservoirs 26 and 28; The bottom 

17 side 46 of bond uctive gel reservoir 28 contacts the patient's skjn through the 
re opening 29 in adhesive layer 30. The bottom side 46V of conductive gel 
19 reservoir 26 contacts the patients skin through the plurality of openings 8 in the 
io device 2. The gel in reservoir 26 is preferably a viscous gel that fills the 

21 openings 8 isuch tha^ 

22 penetrated the stratum corro skin 
2i provides a path for tbe^ a 

24 contact with the skin initially, typically sweat accumulates in the confined area 

26 Device 10 optionally has a feature which allows the patient to 

27 self-administer a sampling or monitoring sequence. Upon depression of push 

28 button switch 12, the electronic circ 

29 predetenriined 

30 sampling interval ^ p Th^I push button switch 12 is 

31 conveniently located on the side of device 1 0 $hid is ea through 
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1 clothing A double press of the push button switch 12 within a short time 

2 period, e g;; thfee se^ridsi is preferably used to activate the device for a 

3 sampling or^^m^ thereby minimra^ likelihood of 

4 inadvertent artuatiorv erf the device 10. Preferably , the device transmits to 

s user: 

6 by means of LED 14 becoming lit and/or an audible sound signal from, e g. f a 

Y 7 "beeper*;. Agent is Withdrawn through the patient's skin, e.g. f on the arm, by 

a elertrotnansport over the predetermined sampling inte^ 
» The push button switch 12; the^ ^ 

id assembly 1 8 and th0 battery 32 are adhesively "sealed" between iipjaef 

11 housing 16 and lower housing 20. Upper housing 16 is preferably compos 

13 acetate. Lower 

14 sheet material (e g M polyethylene) which can be easily molded to form 
is depressions ^5^215' and cirt The assem 0 : 

16 is preferably water resistant (i.e v splash proof) and is most preferably 

17 waterproof The syste that easily conforms to the bokjy^^^^ 
is thereby allowing freedom of m and around; the wearing site. The 

19 reservoirs 26 and 28 are located on the skin<6n^ 10 

20 and are sufficient^ separate to prevent accidental electrical shorting during 

21 ■ normal handling and use. / 

22 The device 1 0 adheres to the patient's body surfed (e g:; skin) by 

23 means of In adhesive layer 30 <which has upper ^fes^ -^3' 

24 contacting adhesive side 36). the adhesive side 36 covers the entire 

25 underneath side of the device 10 except wh and reservoir 28": 

26 are located. The adhesive side 36 has adhesive properties which as^ that 

27 the device 10 remains in place 

• : ;-.v:'; 28 permits reasonable remoyal after the pred^ 

29 period. Upper adhesive sf^^ 

30 ele 
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1 In one embo^ there is a release liner (not shovw 

2 on the deivibe i O fo 

3 In use, the release liner is stripped 
■ 4 to the skin. ; 

s The preferred form in which an agent is sarnpled generally determines 

6 the type of sampling system to be used That is, the selection of a "passive" 

7 system which samples t^ 

a which samples the agent by electrptransport will be mostly determined by the 

9 form 

10 earned 

11 solvent. It will be appreciated by those^^^ that the present 

12 invention can be used in conjunction with a wide variety of osmotic sampling 
n systems^ as the invention is not limited tb ^ a particular device in this regard. 
i4 Qsmptic devices^ a 

is Eckenhpff 

16 4,753,65 1 to Eckenhoff , the d isclosures of which are incorporated by reference 

it herein in their entirety. As mentioned above , the member 2 of the present 

1 8 invention can bte used with known sampling devices including , but not limited 

19 to, reverse iontophoresis, osmosis, passive diffusion, phonophoresis, and 

20 suction (i.e., negative pressure). 

21 Itw 

22 can be emb^ied^ without d^partin^ spirit or 

23 ^essential character thereof. y&: presently disclosed embodiments are 

24 therefore considered in all respects to be illustrative and not restrictive. The 

25 scope of the invention is indicated by the appended claims rather 

26 foregoing description, and all changes the meaning and 
.27 - ; range of equivalents thereof are intended to be embraced therein; 
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3 1 - A device (1 0,88,98, 1 04) for piercing the stratum cbrheum of a body 

4 surface to form pathways through which an agent can be withdrawn; 

5 '.comprising: ■ 

§ a sheet (6) having a plurality of microbiades (4) extending do 
. ?. . ' therefrom; and ' 

a a collector (26,90, 1 06) on the sheet (6) which withdraws the agent 

.: 9 through the pathways. ; . 

it 2 The device (10,88,98,104) of Claim 1 , wherein the collector 

12 (26,90, 1 06) is positioned to sample the agent from the body surface through an 
■ 13 : • opening (8) in the sheet .-v. 

is 3: The device of Claim 1, wherein the collector is a reverse 

16 eledrotransport device (10). 

18 4. The device of Claim 1; wherein the collector is a passive diffusion 

19 device (88,98). 

21 5. The device of Claim 1, wherein the collector is an osmotic device 

'"^ Y ^-y^rja (104). ^-y % -.^ . J^.-' AC : A:rA^A^-: 'y^yA',- yA-A- : - ■ -:-AAy 

24 6, The device of Claim 1 , wherein the collector comprises: 

25 a semipermeable membrane (94) pbsitiohed across an opening (8) in 

:.v.:,v.'-- 26 the sheet (6); and 

27 an absorbent pad (1 06) oh the semi-permeable membrane (W 

; . . 28 • - • . . . • ■/■';']■;■■■-■■-■;■■■ ^ ; ' : v\7 ; " '. • • .. ■■■■yy- ' '• • • 

2? 7. The device of Claim 6, wherein the absorbent pad (1 06) contains an 

;v : ;;.>,' : ; v -'^;.,^3o ^smotic^liy active material. ; . ■ 
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1 8. The device of Claim 1, further comprising an agent sensing element 

2 (108). : -V" 7 

4: 9; The device of Claim 8, wherein the agent sensing element (108) is a 

? " '■ glucose sensor. • '"' 
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